Current injection magnetic-acoustic tomography combines the high resolution with conductivity tomography and high contrast with ultrasound imaging, which is a safe and non-invasive electrical impedance tomography technique. In the process of tumorigenesis, the changes in electrical characteristics of tumor are much earlier than the changes in the structure. Therefore magnetic-acoustic tomography has important significance for life science research and early diagnosis of the disease. In this paper, forward problem simulation study is carried out for the two-dimensional plane model. In the first, mathematical simulation model is established, and then the simulation model is verified. Finally, the influence of the scanning step and the signal-to-noise ratio on imaging quality is analyzed. The analysis shows that the forward problem proposed in this paper is a feasibility method for plane model, and the scanning step and the signal-to-noise ratio affect the imaging quality in a certain extent by analyzing the influence factors of imaging quality.
INTRODUCTION
Current injection magnetic-acoustic tomography combines the high resolution with conductivity tomography and high contrast with ultrasound imaging, which is a safe and non-invasive electrical impedance tomography technique. In the process of tumorigenesis, the changes in electrical characteristics of tumor are much earlier than the changes in the structure. Therefore magnetic-acoustic tomography has important significance for life science research and early diagnosis of the disease. The principle of current injection magnetic-acoustic tomography is described as follows. A conductive object is placed in a static magnetic field and time-varying electrical field generated by the electrode injection. And then the Lorentz force in the conductive object is generated and ultrasonic signal is excited by the interaction of the static magnetic field and timevarying electrical field. According to the corresponding reconstruction algorithm and ultrasonic signal received by ultrasonic transducer, the conductivity image of the conductive object can be obtained.
Current Injection magnetic-acoustic tomography has unique advantages and very broad application prospects in clinical monitoring and detection. As the hot spot of the current study, the researchers carried out a lot of research work, such as magneticacoustic signal characteristics [1, 2] , conductivity reconstruction method [3, 4] , the acoustic source mechanism and ultrasound transducer characteristics study [5, 6] and so on. In this paper, the forward problem simulation is studied and the imaging factors are analyzed.
FORWARD INVERSE PROBLEM

Forward Problem Analysis and Simulation Verification
In the Forward Problem, the parameter settings are as follows. The conductivity of the imaging sample is σ , resistivity of the sample is ρ , magnetic flux density of static magnetic field is 0 B ,current density injected in the sample is J , and the electric field strength of the sample is E .
For planar model, according to Maxwell's equations
Among them, the magnetic field strength is H , and the applied current density is s J . And then according to the differential form of Faraday's law of electromagnetic
Where, B is the magnetic flux density, µ is magnetic permeability. The electric field strength E is derived by equation (1) and according to equation (2) , the following expression can be obtained
Assumed that the sample is distributed within the 
According to the equation (3) and equation (5), the follow expression can be obtained
According to the equation (6) and magnetic field module from Comsol Multiphysics software, the electromagnetic problem of plane model is calculated. And then using finite element analysis method, the acoustic distribution information can be obtained. The detailed derivation can be referred through the literature [7] .
The geometry of the model is shown in the Fig.1 When solving the magnetic field strength z H , the pulse current is injected through the two electrodes. According to equation (6) , control equation of magnetic field strength can be obtained
Where Γ is the boundary of the model, the current density can be obtained using equation (4) 
Lorenz force density divergence is calculated by The Lorenz force density divergence distribution obtained by the formula (9) is shown in Fig.2 , namely the acoustic source distribution map. From the Fig.2 , The complex internal structure of the sample leads to the distribution of Lorenz force divergence tending to be complicated. And Lorenz force divergence in which has relatively higher conductivity than one in background area is larger than the background area. Because of skin effect and mutational conductivity at the boundary, it will be led to uneven distribution of Lorenz force divergence in the region which has uniform electrical conductivity distribution. From the Fig.2 , The electrical conductivity and strength of acoustic source are related.
Inverse Problem Analysis and Simulation
The inverse problem consists of two aspects. Firstly, the acoustic source distribution ( ) 0 ∇ ⋅ × J B of the sample is solved by the method of Compressive Sensing (CS), when the acoustic pressure signal is measured. Then, according to the acoustic source distribution solved by the CS, electric conductivity distribution is reconstruction by the combination of -u A method and iterative algorithm.
The distribution of acoustic source can be solved using the method of compressive sensing, solving matrix as follows,
Which Y is observation matrix which represents the time-domain signal of the acoustic pressure, X represents the acoustic source distribution Firstly, the ultrasonic transducer is scanned along the sample, and the data of M group are obtained. Secondly, according to the N point random vector, the acquisition data of M group is randomly sampled. Moreover, the N point data obtained from the M group data is merged into a M N × sample matrix. Thirdly, the sparsity of signal is one of the basis conditions of using the principle of compressing sensing. So the wavelet orthogonal basisψ is selected in this paper to meet the equation X = ψs (12) According to the formula (12), formula (10) can be written. In order to simulate biological tissue, it is assumed that the sample density is The acoustic field distribution of the model in Fig.3 (a) is calculated using the forward simulation method. Combining with the reconstruction method of the inverse problem, of the model reconstruction method, the reconstruction conductivity distribution is shown in Fig. 3(b) . From the Fig. 3(b) , it is shown that the reconstructed conductivity boundary is fuzzy, and the conductivity distribution area is larger than the original conductivity distribution. The main reason is that the conductivity of the injection electrode is far greater than the conductivity of biological tissues, magnetic acoustic signals caused by electrode itself impact acoustic field distribution of sample. So the actual process of motivation, the injection electrode conductivity should be far away from interest region.
ANALYSIS OF IMAGING FACTORS
Through theoretical analysis and numerical simulation method, with the ring model, the influence of the receiving transducer's scanning step and signal-to-noise ratio on image quality is analyzed.
Influence of scanning step on image quality
The scanning step of receiving ultrasonic transducer is an important index to decide the imaging quality. In theory, if the step size becomes smaller, more data can be acquired, and the quality of reconstructed image will become better. In fact, because of the limit of data size and ultrasonic transducer's diameter, the scanning step cannot be infinitesimal. When scanning step is 30°, 10°, 2°and0.5°, the electrical conductivity distribution of sample is shown in Fig.4 .. From the Fig.4 , it is shown that when scanning step is 30°, the error of reconstruction image is very large, the basic feature of sound source image of sample cannot be differentiated. With the decrease of scanning step, the reconstruction conductivity image of sample becomes more and more distinct. When scanning step is 2°, the image of reconstruction becomes consistent with original image. With the further reduce of scanning step; the increase of image quality is not apparent. So for the sample of which the diameter is 3cm, the electrical conductivity image can be clearly reconstructed when scanning step is 2°. 
Influence of Signal-To-Noise Ratio on Image Quality
The signal-to-noise ratio is another important indicator influencing the image quality. When the scanning step is 2°and the value of signal-to-noise ratio are 20 SNR = and 1 SNR = respectively, the different reconstruction conductivity distributions of the sample are shown in Fig.5.. From Fig.5 , it can be seen that the reconstruction image quality increases with signal-to-noise ratio, but the relationship between the image quality and signal-to-noise ratio is not linear. When the SNR is greater than 20, the quality of the reconstructed image is not very sensitive to SNR. When the SNR is less than 20, the signal-to-noise ratio and the quality of image will accordingly decline, and until the SNR equals 1,the reconstructed sound source image could make out the distribution characteristics of the sample. When the signal-to-noise ratio declines to the condition that the SNR=0.5, the reconstructed image could not rebuild the sample's sound source characteristics. Figure 4 and Figure 5 shows that the image quality increases with the decrease of scanning step and signal to noise ratio, but the quality of the reconstructed image is not only related to the scanning step and the signal-to-noise ratio, the factor such as the shape of the sample and the measuring location may influence the quality of reconstructed image, so the experiment should consider all the factors.
CONCLUSION
Aiming at the plane model, the forward and inverse problems of electromagnetic field based on magnetic acoustic tomography with current injection is researched, and then the influence factors of image is analyzed according to the combination of simulation and experiment. By the analysis, it is shown that the clear reconstructed image can be obtained when the scanning step is 2°and the signal-to-noise ratio is greater than 20 for the sample of which the diameter is 3cm, the conclusion of this paper provides a theoretical basis for experiment design.
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